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Fixation Summary
CCA preservatives After an initial instant ion-exchange fixation of copper and a temporary storage by adsorption of
Pitta abies chromic acid, the subsequent precipitation fixation occurs in regions with different chrome fixation
Pimti sylvestris rates. The chrome fixation rates are bimolecular in regard to chromic acid. A hypothesis of the

mechanism of fixation is given. First acid copper and chrome (III) arsenates are precipitated
simultaneously with chromic cnromatc complex fixation to the wood substance. This is followed
by precipitation of tertiary arsenates and basic copper arsenate. Finally basic chromic chromates
form. The acid and tertiary copper arsenates and the chromates are intermediates, which after
the main reaction period are convened into stable compounds.

Schlusselwdrter Kinetik und Mechanismus der Fixierung von Cu-Cr-As Holzimpragniermittel
(Sachgebiete) II. Die Fixierung von Boliden Kj3
Chromat-Reduktion Zusammenfassung
Fixierung Nach der anfanglichen unminelbaren loncn-Austausch-Fixierung von Kupfer und einer zeit-
KCA Schutzminel weiligen Adsorption von Chromsaure folgt die Ausfallungs-Fixierung in Regionen mit verschie-

dener Geschwindigkeit der Fixierung von Chrom. Die Geschwindigkeit der Chromfixierung ist
bimolekular hinsichtlich Chromsaure. Eine Hypothese uber den Mechanismus der Fixierung wird
•ufgestellt. Zuerst fallen saure Kupfer und Chrom(HI)-Arsenate aus und gleichzeitig fixiert sich
ein Chrom(IH)-Chromat-Kpmplex am Holz. Danach fallen tenure Arsenate und basisches
Kupferarsenat aus. SchlieQlich bildet sich basisches Chrom(III)-Chromat. Das saure und das
tertiire Kupferarsenat sowie die Chromate sind Zwischenprodukte, die sich nach der Haupt-
reaktionsperiode in stabile Verbindungen umlagern.

I. Introduction chromic acid occur, increasing the pH. The conditions
In Part I of this investigation (Dahlgren and f°r fixation of the preservative components by precipi-

Hartford 1972) was shown that wood affects the pH tation reactions were thereby influenced to a substantial
behaviour of CCA preservative solutions considerably, degree, compared to conditions in pure solution
Ion-exchange reactions and temporary adsorption of systems. General aspects were alsg fivtnnpinkipeties,

and a number of factors, which mignrDcUrbrVetfid tbt
—ix —,. , ... . . . . . fixation process, were discussed.*) This investigation is a part of the joint research program- „,. , F . '. . . . . . . . „
me on wood preservation of Boliden AB, Sweden, Rentokil ^ kin«ics of fixation IS in this pan: experimentally
Laboratories Ltd, UK and Osmose Wood Preserving Co, USA. studied on a commercial CCA preservative, Boliden
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Tablet

Kinetic Data for Chrome Fixation in Pine and Spruce Treated with Boliden K33

Species

pine

spruce

Solution
strength
% Boliden
K33

2

4

2

4

Temp.
CC

5
20
3°

5
20
30

5
20
30

5
20
3°

a

0.37

0.74

0.37

0.72

Region

2nd
*0t

0.02
• —
—

0.07
O.O5
O.05

O.O2
O.04
O.O3

O.O6
O.O7
O.04

*.*>

0.32

——

O.II0.43
0.70

0.32
0.66
1.40

0.17
0.47
0.94

k,*)

1.67
—
—

0-55
2.24
3-64

1.67
3-43
7.28

o.oo
2.44
4.90

3rd

**

0.04
0.03
0.03

0.25
0.13
0.27

0.07
0.08
0.07

0.25
0.18
0.17

V>

0.12
0.46
1. 08

0.055
O.29
O.46

0.13
0.36
0.81

0.074
0.28
0.59

V)
0.60
2.395.61

0.28
1.522.40

0.67
i.85
4.21

0.39
1.483.05

At the end of the 2nd region

Fixation
time,
hours

X
—
"•

9
i*
3

2
*i
I

8
2
I

Degree of
Cr fixation,

o//o

»5
— -•
•—•

46
32
61

26
32
3i

50
42
42

PH

— -

~3.o—

_2.85
™~

_3.2—
„ m-
2-9
""""

I •• chrome content after completion of the main reaction period, in % of weight ot dry wood
Xo «= chrome cone, extrapolated to zero time, in % of weight of dry wood
k -= rate constant
*) k"1 = chrome cone, in % of weight of dry wood • hour
. , mole Cr • ht\ v—i & ——————
' kg dry wood
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Fig. 4. Chrome fixation of Boliden Fig. 5. Chrome fixation of Boliden K33 at Fig. 6. Chrome fixation of Boliden
K33 at 20°C 3o°C K33 at 3O°C

approaches completion, the experimental values of from that calculated from a solution with nominal
(a — x)-' become rather uncertain (a small difference composition.
between two large numbers each with a certain in- Two regions with different
accuracy). Those data are therefore not used in the have been established. For reasons w
figures. To facilitate evaluation the early stages of the not been possible to decide whether further regions
course of fixation are shown separately in a larger scale, exist later in the course of fixation. As will be seen in
From the figures the rate constants and axial inter- Part III an additional rate region can exist at the
sections at zero time have been evaluated, and are beginning. In the case of Boliden K33 this region
given in Table i. The values of "a" deviate somewhat either does not appear or is of so short duration and

14*
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5. 4 Composition of primarily formed precipi-
tate in reduced CCA solutions
With a slight over-dosage of hydrogen peroxide and

a sufficient large solution volume enough precipitate
was obtained for analysis. The precipitate was vacuum
filtered, washed by water until uncolored filtrate was
obtained, sucked dry and dried at room temperature.
Copper, chrome and arsenic were determined according
to Williams (1970).

«>.BotioEN K33 The molar composition of the precipitates from the
t i T i i z i a s solutions with the lowest and the highest concentrations

^.CELCURE AP at tjje three tcmpcratures studied is given in Table 2.
Fig. 8. pH for first appearance of green precipitate in reduced Only traces of hexavalent chrome were found, being

Boliden K33 and Celcure AP solutions neglected. The acidity of the precipitates was calculated
by difference (any remaining sodium in the Celcure AP
precipitates was not determined and is included in the
H:As mole ratio). The temperature has a considerable
influence on the acidity represented by the H:As ratio.
The minimum acidity was obtained at 20° C for i.o and
2.5% Celcure AP and 0.8% Boliden K33 and at 25°C
for 2.0% Boliden K33 solutions. With the variations in
composition of the precipitates at changed concentra-
tion and temperature it is understandable that the
precipitation limit conditions are of a complex nature.

Table 2
Composition of primarily formed precipitate at re-
duction of CCA preservative solutions by hydrogen

peroxide

ID 1.5
% BOUOEN K33

Fig. 9. Content of trivalent chrome for first appearance of green Preservative
precipitate in reduced Boliden K33 and Celcure AP solutions

At plant conditions the pH of a working solution can Boliden
occasionally be higher than the limit value for precipi-^
tation. Up to a certain point this does not cause trouble
in the treatment. A limited amount of sludge can be
accepted, which is determined by the pH and by the
renewal of the solution. The more frequent the renewal
the higher pH can be accepted, because formation of
the precipitate takes a certain time. There are indica-
tions from sap displacement that the tolerance limit CelcureAP
of pH is about 3.0 or slightly lower. On the basis of
theoretical calculations Hartford (1970) has suggested
an upper limit of about 15% for chrome reduction. This
is in good accord with the observed values.

Cone.

0.8

2.0

i.o

2.5

Temp.

12
20
25

12
2O
25

12
20
25

12
2O
25

Mole ratios

H:As
by

difference

0.69
0.15
0.36

0.52
0.69
0.29
0.30

0.38
0.08
0.45

0-55
0.28
0.58

Cu:As

0.06
0.06
0.09

0.07
0.09
O.I I
0.12

0.08
O.O5
0.06

O.O7
0.07
0.13

Cr:As

0.73
0.91
0.82

0.78
0.71
0.83
0.82

0.82
0.94
O.8l

0.77
0.86
0.72Also not directly applicable to working conditions the

precipitation limit conditions give a necessary back- _____ ______ _ ______
ground to the solution stability problem. They are of
direct interest for sampling and analysis. When taking
a solution sample at a treating plant, one is interested to 5-5 Simulation of the primary precipitation
know its composition at the time of sampling. In many in presence of wood
cases this solution is supersaturated. To avoid precipi- After the initial ion-exchange and adsorption reactions
tation on the walls of the flask the filtered sample should between a CCA preservative solution and wood the pH
be acidified by one drop of nitric acid per so cc sample is higher than at the precipitation limits studied in
in connection to the sampling. To dissolve already section 5. 3. This pH change is simulated by partial

_ formed precipitate needs considerably more acid. neutralisation with sodium hydroxiden'ljhss effeci ̂ of
When analysing a clear supersaturated CCA solution changes in concentration of other ions u iouduoo-l

by X-ray the radiation initiates instant precipitation on The critical chrome reduction was determined at
the mylar film. The filter action of almost non-visible different neutralisation levels with the same technique
amounts of precipitate on the film causes serious ana- as before on a 2% Boliden K33 solution. The results
lytical errors. The remedy is nitric acid addition as hi- are given in Figure 10 and Table 3. The observations
dicated above. " are explained in the following way.
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6.2 The initial fixation 6.3 The ist and 2nd precipitation fixation
'- The initial fixation by ion-exchange reactions occurs regions
so fast that it can be considered as instantaneous. The wood substance is first attacked by the chromic
Table 4 gives the fixed amounts of Cu, Cr and As, acid at a high rate (easily attacked wood constituents,
when extrapolated to zero time. The As content in- ist region) and then at a slower rate (less easily attacked
dicates that because of imperfections in the expcri- wood constituents or intermediate oxidation products).
mental technique some precipitation fixation is in- In several cases the first type of attack is of so short
eluded in these results. duration and such a small extent that it is not detected.

The assumption that no hexavalent chrome is fixed
Table 4 at the ist and 2nd region leads in most cases to con-

Initial fixation siderably more than 3 equivalents Cu + Cr (III) preci-
pitated per mole As, which conflicts with the results

K33
cone.
°o

Species

pine

spruce

pine

spruce

Temp.

5
20
3»
5
20
3°

520
3°
5
20
30

Extrapolation to zero time

.•o '

0.09
0.10
O.IO
O.IO
O.IO
O.IO

O.I I
0.12
O.I I
O.I I
O.I2
O.I I

O.O2
0.03
O.O3
O.02
O.04
O.O3

O.07
O.O5
O.O5
0.06
O.O7
0.04

°,, As Further it was found in section 5.5 that no hexavalent
———— chrome was included in the primary precipitation.
o.o i With chromotropic acid it was stated that hexavalent
°-01 chrome was fixed at the end of the 2nd region. This
°'°j fixation therefore must occur to the wood substance.
o!oi It is reason to believe that the hexavalent chrome is
0.02 fixed as the [Cr(CrO4)3]3~ complex to the wood as this
———— ionic species exists at the actual pH range and as
0.03 presence of trivalent chrome seems to be necessary for

hexavalent chrome fixation. The assumption is further
o!o supported by Flomina (1969), who found that
0.06 formed mixed salts with acidic groups of wood and
0.05 CrO4.

a proof of the extent of ion-exchange fixation. The ion-exchange The m/ rf ̂^ ^ ̂ ^^ ^ ^^ ^ 2nd x

have been converted into basic arsenates and some initially ^ l n̂-rtouu
precipitated As has been removed, the assumption seems to be
close to reality. A minor part of the copper is, however, present v j _ j ĈrfllD • f
ss arsenate. Thus = -^- = * * = ——r~

The ion-exchange fixation of trivalent chrome is so small ** ** — *i ^Crtotal • lt
that it, except for the initial fixation, can be neglected. The . j T i_-
initial precipitation fixation is principally through rapid re- **or iSOllden K.33 no 1st region was detected. In this
(faction of chromic acid by small amounts of soluble active case therefore X1 = x02 in Table I. Calculated stoichio-
reducing agents. Almost identical results withJTable 4 were ob- metric data at the 2nd region for Boliden K33 are given
^̂ Ŝ̂ Iî ^̂ ^̂ Ŝ . fa Tables We observe that thelower the temperature,

the more hexavalent chrome is fixed in relation to the
In sufficient acid solutions chromic dichromate an- arsenate fixation and the more are acid arsenates formed

ionic species are expected to occur (Hartford 1942; instead of tertiary arsenates. The higher the Boliden
Costa 1950; Kasper 1932). Another complex chro- K33 concentration is, the more chrome is fixed in hcxa-
mate Cr [(Cr04)3] exists in solution at pH 2.8 (Chaud- valent form. _ _
bury 1941). This latter one could possibly occur in Elution of ion-exchange fixed coppw if &4M3e2 I
solution at the early fixation stages. Presence of any in one case. Although the stoichiometric calculations
low-molecular weight chclating agents emanating from Iced to chemically acceptable results, the description of
the wood will lead to soluble Cr (III) and cannot the mechanism must be taken as a hypothesis, not as
explain any fixation. a proof. In the case of treatment with 2% Boliden K33
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Fig. 13. 3rd region fixation of 4% Boliden Fig. 14. 3rd region fixation of 2% Boliden Fig. 15. 3rd region fixation of 4% Boliden
K33 solution in pine K33 solution in spruce KSS solution in spruce

differs considerably from earlier investigations using Mas, R. 1949. Contribution k 1'itude des arseniates de cuivre.
indirect experimental technique (eg. Eadie and ̂ f̂ him. ̂5̂ ,459̂ 5̂
Wallace 1962). Some further details not observed coppe.,_.._
with Boliden K33 will be experimentally dealt with in 95,670-̂ 674.'
Part III, where the fixation of another, considerably
slower reacting CCA preservative is analyzed. There
also the final reactions after the main fixation period will Appendix
be discussed. Direct colorimetric determination of Cr(III) inCCA

preservative solutions
Acknowledgement Measuring the green color of trivalent chrome in a preser-

Sincere thanks are due to Mr. Lennart Gunnarsson, who vative solution its content is determined. EEL colorimeter
carried out the experiments, to Dr. Torbjorn Reistad for model A with filter 606 was used. With this filter chromate does
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Pettersson for carrying out the analytical work. Their great
interest and careful work were greatly appreciated.
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Part III. Fixation of Tanalith C and Comparison of Different Preservatives
By Sven-Eric Dahlgren, Research Laboratory, Reymersholm Works, Boliden AB, Helsingborg, Sweden and
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Keywords Kinetics and Mechanism of Fixation of Cu-Cr-As Wood Preservatives
Kinetics Pt. III. Fixation of Tanalith C and Comparison of Different Preservatives
Fixation
CCA preservatives Summary
Picea obits The rate of fixation of Tanalith C is, depending on temperature, 5 to 9 times {slower than that of
Pinus sylvtstris Boliden KSS. This enables experimental study of some further details about the mechanism of
Fagus sylvatica fixation. The pH characteristic of a preservative seems to be a predominant rate controlling factor
Sareocephalus didtriehii of chrome fixation. Addition of sodium sulfate, manganese sulfate or boric acid reduced that

rate of fixation. After all chrome has been precipitated slow final reactions occur, converting
some earlier precipitated compounds into those stable at final conditions. Final equilibrium fixation
products are ion-exchange fixed Cu to the wood, CrAsO*, Cu(OH)CuAsO« and Cr(OH),, al-
though highly basic chromic chromates persist for a long time.

Schliisselworter Kinetik und Mechanismus der Fixierung von Cu-Cr-As Holzimpra'gniermittel
(Sachgebiete) ni. Fixierung von Tanalith C und Vergleich verschiedener Impragniermittel
Kinetik _ ,
Fixierung Zusammenfassung
KCA Impragniermittel Die Geschwindigkeit der Fixierung von Tanalith C ist, abhangig von der Ternperatur, 5—9 mal

langsamer als die von Boliden K33. Dadurch wcrden weitere experimemelle Untersuchungen
iiber Einzelheiten des Fixierungsmechanismus moglich. Der pH-Wert eines Impragniermittels
scheint ein vorherrschender Faktor zu sein, der die Geschwindigkeit der Chrom-Fixierung be-
stimmt. Zusatze von Katriumsulfat, Mangansulfat Oder Borsaure verringem die Fixierungs-
geschwindigkeit. Nach Ausfallung der gesamten Chrommenge finden langsame Reaktionen start,
wobei sich einige der primaren Ausfalhmgen in stabile End-Verbindungen umlagern. Die end-
giiltige Fixierung im Gleichgewichtszustand ist cine lonen-Austausch-Fixierung von Kupfer zu
Holz, CrAsO., Cu(OH)CuAsO4 und Cr(OH),, obwohl hochbasische Chrom(III)-Chromate iiber
eine langere Zeitdauer bestehen bleiben.

x. Introduction The rate of fixation of different CCA preservatives .
The hypothesis of mechanism of fixation given in are compared and the effect of some additions on the

Part II of this investigation (Dahlgren and Hartford rate 1S stuaied-
1972)3 which was tested on Boliden K 33, is now further 2. Fixation of Tanalith C
tested on a different type of commercial CCA preserva- The data obtained by Wilson (1969, 1971) were expressed
live, Tanalith C. Evaluation is made from the data » P« cent of complete fixation as a function of time. Knowing
~u<-n;n«,4 K,T vvrjicnn ftnfin TMT\ HV ctnrfiprf the *he composition of Tanalith C, the data were recalculated intoobtaned by Wi son (1969, 1971). He studied the v t wood afld ̂ ^ ^^ loned fof
fixation of Tanahth C in Finnish redwood sapwood 0̂̂  gxadon applying the equation
(Pinus sylvestris), UK grown spruce sapwood (Picea kt = (a — x)-1 — (a — xo)"1
«teO, UK grown beech sapwood (FaSu*ylvaticd) and ^ tevesti dcn fa . of ̂  joim mearch programme
opepe heartwood (Sareocephalus didenchii). No mathe- cn wood preservation cf Boliden AB, Sweden, Rentokil Labo-
znatical treatment was done on the data obtained. ratories Ltd, UK and Osmose Wocd Preserving Co, USA.

ARI00023
Fig. i. Chrome fixation of Tanalith C in
Finnish redwood at fC, • and x - Cr

content in % of weight of dry wood

no 200
FIXATION TIME, HOUR!
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Fig. 5. Chrome fixation of Tanalith C in UK grown spruce at Fig. 6. Chrome fixation of Tanalith C in UK grown spruce at
20CC 30= C

(•-if1
20

Fig. 7. Chrome fixation of Tanalith C in
UK grown beech

ISO 200
FIXATION TIME, HOURS

factor "B" in eq. 4, Part I, depends mainly on the 4th region. As discussed in section 6.4 in Part II this
Cr (VI) concentration at zero time. There is reason is explained by precipitation of basic chromic chromates,
to believe that "B" differs with wood species of different giving a chrome fixation rate higher than the chrome
character. The higher the energy of activation, the reduction rate. In some of the cases related above on
greater is the temperature coefficient of the chrome Tanalith C the precipitation of arsenate is not complete
reduction reaction. at the begin of the 4th region. The course of fixation
One interesting observation is that at the end of the takes place at a higher pH level with Tanalith C than

2nd region the pH is considerably higher for Tanalith C with Boliden K33. It is therefore likely that at a
than for Boliden K 33. The large values of x02 and XM sufficiently high pH at the early part of the 4th region
(in case only the 3rd region was evaluated) demonstrate tertiary arsenates and basic chromic chromates precipi-
that data on preceding regions could have been ob- tate simultaneously.
tained, if the study had covered shorter fixation times The rate constants of Tanalith C are considerably
than 2 hours. higher for the two hardwoods than for the two soft-
In some cases, viz. 1.5 and 2.5% Tanalith C at 20: C woods, the energy of activationrfopo

and i.5°0 at 5°C on opepe and 2.5% Tanalith C on from Figure 14 being " •*
redwood at 30° C the last region observed has a higher
rate than the preceding one. This is designated as the E = 85 ooo i 1500 joule per mole Cr (VI).
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Fig. 12. Chrome fixation of Tanalith C in opepe at 30°C k» = (moles Cr/kg dry wood)"1 • h-1

Table i
Kinetic data for chrome fixation in redwood and spruce treated with Tanalith C

Species

redwood

spruce

Solution
strength

% Tanalith C

1-5

2-5

5.0

1-5

2-5

5-o

Temp.
°C

5
20
3°
5
20
30

5
20
3°

5
20
30

520
30
5
2O
30

a

0.32

0.53

1.06

0.32

0-53

1.06

Region
2nd

X<*

0.04

0.06
0.08

O.II
0.04
o.oo
0.02
O.O2

0.03
0.04

O.I2
0.03
0.00

k,')
0.071

0.0450.155

0.025
O.I O2
0.252

0.045
0.242

0.0320.154
0.017
0.116
0.203

%
0-37

0.23
0.82

0.13
0.53
1.31
0.23
1.26

0.16
0.80

0.09
0.60
1.06

3rd
Xoj

O.IO
0.04
0.18

0.13
O.20
O.IO

0.31
0.37
0.36

O.O6
O.O6
O.OO

O.IO
0.16
O.OI

0.37
0.300.35

%
0.038
0.299
0.870

0.019
0.077
0.277
0.006
0.035
0.087

0.031
0.176
0.478
0.016
0.077
0.274
0.0049
0.0346
0.070

%
O.2O
1.56
4-53
O.IO
040144
0.03
0.18
0.46
0.16
0.92
2-49
0.083
0.40
1.43
0.026
o.i So
0.364

At the end of the 2nd region

Fixation
time,
hours

3°

15
10

II
6V,
3
23
8

20
9

3«
41/,
3

Degree of
Cr-fixation,

O'
JO

45

33
5»

33
43
45
3»
4<>

30
44

41
35
41

PH

—

4.0

3-6

_̂̂

4-1

3.6

Note. pH values are obtained from Swedish pine and spruce
• = initial chrome cone, in % of dry weight of wood /I R I 0 D D ? ̂

chrome cone, extrapolated to zero time, in % of dry weight of wood
k = rate constant
*) k-1 — chrome cone, in % of dry weight of wood • h
*) k-» — mole Cr • h/kg wood
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Initial
instant
reactions

Ion-exchange fixa-
tion to saturation of
copper
Temporary ionex-
change takeup of
protons and adsorp-
tion of chromic acid

Substantial pH
increase

Precipitation fixation, time ->

Main precipitation fixation period

I

ist type Cr(VI)
reaction with
wood

Regions of chro
2

me fixation rate
3

2nd type Cr(VI) reaction with woo
oxidation products

1
Release of protons and adsorbed
chromic acid from the wood

elution of
ion-exchange
fixed Cu ?

Fixation to wood as
[Cr(Cr04),]»-

alkali copper j
chromates ? •........ _ :

4
d or intermediate

Cr4(OH)10Cr04
and
[Cr(OH)s],Cr04

HmCunCr,_jn_n,AsO4 -> CrAsO4
i

H raCu,_m As04 -*• Cu3(As04), Cu ,OHAsOl
fZ '

I

Net continuous pH increase towards a maximum. Proton consumption
by chromate reduction dominates

Final reaction or conversion period

Very slow reactions via dissolution ,
of instable precipitated matter {
'roton release reactions:
acid and tertiary Cu arsenates -»•
-»• basic Cu arsenate
acid CuCr arsenate ->

arsenate
'roton consuming reactions:
chromates -*• Cr(OH),

Final equilibrium fixation
products:
on-exchange fixed Cu to the wood
CrAsO4
Cu(OH)CuAsO4
Cr(OH),

ox: '.At
(«.-.*.

Alternating pH decrease and pH
increase until reactions cease

Remarks kl > kt > k, < k4 k = rate constant of Cr fixation, index refers to region
i j «• msfy occur depending on wood species, preservative, concentration and temperature

The composition of the momentary precipitated acid arsenates changes towards tertiary arsenates during the reaction|
course
Region i sometimes does not occur or is of such a small extent and duration, that it cannot be detected
Region 2 finishes, when fixation as chromate to the wood ceases
Region 4 starts, when basic chromic chromates precipitate
pH at region boundaries are different for different preservatives
All Cr is precipitated at the end of the main fixation period

Fig. 15. Schematic diagram of fixation of CCA preservatives

ion-exchange fixation of Cu to the wood Table 3
CrAsO4 Final equilibrium distribution of active elements of
Cu(OH)CuAsO4 and fixed CCA preservatives
Cr(OH)3

Preservative Distribution in moles per mole As
Cu fixed
by ion-
exchange

o
0.157*
o
0.162*
o
0.233*

CujOHAsO4

0.315
0.236
0.324
0.243
0465
0.349

CrAsO4

0.685
0.764
0.676
0.757
0-535
0.651

excess Cr
as

Cr(OH)j

0.214
0.135
0.682
0.601
1.500
1.384

A schematic summing-up of the hypothesis and dis-
cussions on the course of fixation is given in Figure 15.
Assuming equilibrium is reached, the final distribution
of the active elements for the actual CCA preservatives
is given in Table 3 with none and 25% of the copper Boliden
fixed by ion-exchange. The chrome excess differs celcureAP
considerably between the preservatives. The chrome
excess is one of the factors determining the final pH, Tanalith C
which in turn influences on the leachability and .____
availability of the fungicidal and insecticidal com- * 25° of total copper
pounds. '°

4.Comparisonof therateof fixationof different has been studied, Figure 16. Surprisingly both MnSO4
preservatives and boric acid decreased the rate. Addition of sodium
In section 3 of Part I the possibilities of altering the sulfate also had a rate decreasing effect. The reason

rate of fixation of a preservative by additions were for the retarding action of *'&f?st}ficf)*ini*?̂ ff'
discussed. The effect on the rate of fixation in pine Part of this may be an ion-effect. TnrsoiJbimy
at 20° C by addition of 0.5% Na»SO4, 0.1% MnSO4 most insoluble materials is increased by the
ind 0.4°Q boric acid to a 2% Boliden K 33 solution of a neutral salt, according to the Debye-Htickel theory.
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Kinetics and Mechanism of Fixation of Cu-Cr-As
Wood -Preservatives*)

IV. Conversion Reactions during Storage
By Sven-Eric Dahlgren

Research and Development, Chemicals Division, Boliden AB, Helsingborg, Sweden

Keywords Kinetics and Mechanism of Fixation of Cu-Cr-As Wood Preservatives
CCA preservatives * ' W. Conversion Reactions during Storage

Cton'wsion reactions ' Summary
Precipitates simulating those produced in wood by preservative fixation reactions were prepared by
the reduction of Boliden K 33 and Celcure AP solutions with hydrogen peroxide and hydrazine.
The pH changes on aging at 20 and so'C were studied and related to the chemistry of fixation
previously described. Hydrolysis of copper arsenates may render arsenic acid temporarily waier
toluble pending precipitation by trivalent chrome liberated by the slow hydrolysis and reduction by-
wood of chromic chromates. As the reduction of chrome is the primary driving* force for the fixation
of Cu-Cr-As preservatives, pH changes were observed in sawdust treated with dilute CrO:1 solutions
under different temperature cycles. The pH is essentially independent of temperature during the
first three days when chromic chromates are being formed, but the subsequent pH is highly tem-
perature-sensitive. Part of this effect is due to hydrolysis and reduction and part to generation of
acidic reaction products in the wood at higher temperatures.

Schliisselwdrter Kinetik und Mechanismus der Fixierung von Cu-Cr-As Holzimpragniermittel
(Sachgebietc) IV. Umwandlungsreaktionen wahrend der Lagerung

Zusammenfassung
Umwandlungsreaktionen Ausfallungen, die bei Fixierungsreaktioncn im Holz entstehcn, wurden durch Reduktion von

Boliden K 33 und Celcure AP-L6sungen mit Wasscrstoffpcroxid und Hydrazin simuliert. Es
wurden die pH-Veranderungen durch Altern bei 20 und 5O;C untersucht und mit der friiher be-
jchriebenen Chemic der Fisicrung in Bcziehung gcsetzt. Eine Hydrolyse von Kupferarsenatcn
macht die Arsensaure voriibergshend xvasserlosUch, die danach durch dreiwertiges Chrom ausee-
fallt wird, das sich durch die langsame Hydrolyse und Reduktion von Chromchromaten mit Holz
gebildet hat. Da die Reduktion des Chroms die primare Triebfeder der Fixierung von Cu-Cr-As-
Holzschutzmitteln ist, wurden die pH-Vcranderungen bei Sagespanen untersucht, die mit vcr-
dunnter CrO3-L6sung in verschiedenen Temperaturzyklen behandelt waren. VC'ahrcnd der ersten
3 Tage, wenn die Chromchromate gebildet wcrden, ist der pH-Wert in der Regcl unabhangig von
der Tcmperatur, jedoch danach sehr tempcraturabhangig. Der AnlaC hierfiir ist sowohl die Hy-
drolyse und Reduktion als auch die Bildung von saurcn Reaktionsprodukten im Holz bei
crhohter Temperatur.

I. Introduction an ideal reduction agent for CCA preservatives as it
In the earlier parts of this investigation (Dahlgren §iv« no contamination. The overall reaction is

and Hartford 1972; Dahlgren 1972) the pH 4HsAsO; + SH.Oj + 8H<- + 2 CrjOf- -* 4 CrAsO4
behaviour, the kinetics of chromic acid reduction and + 16 H4O + 70.
the mechanism of chemical reactions at the fixation of _ , — ,A , ,. ..,
different CCA preservatives in wood were studied. It In f? muuch as Cr̂  «talyzes the decomposition of
was shown, that we can distinguish between three PW°»de, the amount of peroxide required is always
phases in the course of fixation: initial instant reactions, 8reater than 'hat shown' ?ts reduction efficiency
. main precipitation fixation period and a conversion dccr'ascs *«efore « increasing chrome reduction It
period, when the primarily formed compounds are can b< uscd UP. '? P? 4» but is useless at higher pH. For
. converted into compounds stable at the final conditions. «"?&?* Precipitation of a CCA solution thus another
The conversion reactions arc extended over TTubT f̂ 11?? a.Sent « needed above pH 4. Hydrazine

' stantinl period of time, as was seen by pH measurements, hydroxide is too alkaline and hydrazine sulfate too
It is till aim of this paper to describe more in detail ™*to simu.latc thc "nditions in wood, but a mmure
these conversion reactions. In a subsequent paper their of. ̂  two "appropriate A solution was made con-
effect on some of thc properties of the impregnated "Ini"« 4°6 h.ydrazine sujfatc Pcr h«rcto ̂  ™wood will be dealt with added hydrazine hydroxide up to pH 8.0. With this

mixture the precipitation in wood could be simulated
_. . . fairly well. Thc precipitation of a BcfidSn fĉ Q-Ocfi}i2. Thc conversion reactions was compietcd £ plf J>a Thc rcâ n ,Vthis Sse i

The schematic diagram of fixation of CCA preser- _4CrAsO4
vativcs (Fig. 15 in Pt. Ill) gives a rough, but incomplete n- ' 4. H O 4- V
picture of the conversion reactions. To extend thc ____ 4 * ' ' *
knowledge it was found necessary to form precipitates ~ _. . . ... , . . . .. /̂ A!A i • • • i • • t ) '"IS wivestigation is a part of thc )omt research pro-from CCA solutions in a way simulating as far as Eramme on wood prcscrvati0n of Boliden AB, Sweden and
possible thc conditions in wood. Hydrogen peroxide is Remokil Ltd, U. K.
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could be, that the reaction products from oxidation of
wood substance by hexavalent chrome, and thus their
acidity, differ depending on thc reaction temperature.
Another is thc breaking of bonds by hydrolysis of the*;
wood substance at increased temperature liberating
acidic groups. It is doubtful that thc latter occurs u?8(f)
already at 6ocC, as in pure water hydrolysis of wood is
known to occur at temperatures above i6o;C although
the reaction is catalyzed by certain muhivalent ions.
Experiments were carried out with pine (Finns

tyhcsiris") sapwood sawdust prepared in a cutting mill
with a 0.8 mm screen. It was mixed with o.i5°0 CrOa
solution in the proportions 8 ml solution to 6 g saw-
dust on oven-dry basis. The pH was followed during a

Kg. 2. The PH course during aging of precipitate from Period' °f̂  davs a?d *f temperature varied from
Celcure AP 20 to 6° C in steps of 10 C. In a first series, Figure 3,

All measurements carried out at 2o'C the temperature was kept constant during the whole
O — »ging temperature 2o:C period, in a second one, Figure 4, kept at specified
A «= »g>ng temperature so"C temperature the first three days and then stored at

. 20°C and in a third one, Figure 5, kept at 20;C the
With Bohden K 33 at 20°C there is a drop of about fim threc days and then at the specined temperature.

M pH units within 2—3 days, followed by a slow pH AU measurcrnents were carried out at 2o"-C. For each
increase and steady conditions were reached after about scries a new 20rC trial was made Differences between
17 days. At so'C thc pH dropped about 2 units within lhe three 20oC mrvK are due to inhomogeneities in
I day followed by alternating pH increases and de- the sawdust and imperfcaion in the preparation. Thc
creases until after 17 days thc PH was almost stable. key to Figure 3 is valid {or the Figures 4 and 5 as well.
The final pH is nearly independent of aging tempera- In Figure 3 we nnd that the curves split into two
ture- . __ . , . groups 20—40°C and 50—6ocC. Within each group the
With Celcure AP the drop in pH is almost 3 units mTVK have the same character, with slightly lower PH

within a day and the 20 and so=C curves nearly coincide at increasing temperature. At the lower temperatures
the first 4 days, then diverge and run fairly parallel. the pH mainly increascs with timc with final readings
Thc acidic substances revealed by the pH curves abom onc pH unil higher than at the slait. At the

can only exist in appreciable quantity if the proton-
consuming reactions are slower than the proton-
liberating reactions. This is important and serves to tie
the reactions to the experimental curves.
The main difference between the two preservatives is

thc greater chrome excess in Celcure AP. It is con-
sidered that the fresh precipitate of Celcure AP
contains a greater fraction of intermediate arsenates
than that of Boliden "£33. If so, the rates of proton
liberating and proton consuming reactions may soon
balance against each other with Boliden K 33 at 2o:C,
but not at higher temperatures and not with Celcure
AP at any temperature, because the conversion of the „. „, .. . , . .
intermediate aSenates (proton liberating reactions) is »*£<%££* %*££« ̂Tŷ bâ 8ml
speeded up by increase in temperature, while the other 0.15°,, CrO3 solution. All measurements carried out at 2o:C
reactions do so to a considerably lesser degree. O — 2ô C pH
In a piece of wood the conversion reactions are V - 3°°C Untreated wood 4.25

considerably slower than in a damp filtercake of ^ " j°»c
precipitate used here. This is because the cell walls n «, 6VC
make the transport of rcactants more difficult. Of
technical importance is that after thc main precipitation s.s
fixation period thc conversion reactions render part of
^he primarily fixed arsenate temporarily water-soluble.
A leachability test therefore will be considerably
affected by how far thc secondary fixation of arsenic has
proceeded. A greater chrome excess in thc preservative ii*£*>~*™ I R I fi f] fi p p
formula facilitates thc secondary fixation of arsenic. 4.0 *

3. The action of chromic acid ».s .
on wood at different temperatures ° sYor.oi t°.t «»?» *8

It was believed that thc temperature during the _. - , . . . . , . , . . o
course of fixation could have an influence on the pH TSZAfESẐ ^̂
and the leachability. Onc possible reason for this see Figure 3
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Leachability
Douglas fir Summary
Ponderosa pine Conversion reactions during storage of CCA treated wood take place even at and below the fiber
Southern yellow pine saturation point as long as ion transport is possible. Increase in drying temperature increases the

final pH of the treated wood and the leachability of Cu and decreases slightly the leachability of
Cr, while the leachability of As is not affected. This temperature effect is considered to be of no
technical importance, but may be of importance when preparing material for biological testing.
The length of the wet fixation period before the drying does not influence the results. The presence
of alkali sulfates in some preservatives affects the pH of the unleached wood but not the leach-
ability of the active elements. The natural pH of the wood determines to a considerable extent the
final pH and the leachability. A correlation was established between the leachability of Cu and As
versus the final pH in wood.
When treated with 2 — 2.5 °o preservative solutions some wood species: Douglas fir, Ponderosa
pine and to a lesser degree Southern yellow pine, showed unexpectedly high As teachability, while
on doubling the concentration normal leachability data were obtained. The study included three
commercial CCA preservatives: Boliden K33, Celcure AP and Tanalith C, and one experimental
variety of Celcure AP without sodium sulfate.

Schliisselwdrter Kinetik und Mechanismus der Fixierung von Cu-Cr-As-Holzschutzmitteln.
(Sachgebiete) V. Die Einwirkung der Holzarten und Zusammensetzung der Schutzmittel auf
KCA Schutzmittel das Auslaugen wahrend der Lagerung

Zusammenfassung
Gelbkiefer Umwandlungsreaktionen wahrend der Lagerung von KCA-impragniertem Holz finden bei und
Sumpfkiefer (pitch pine) unter dem Fasersattigungspunkt statt, solange lonenbewegung moglich ist. Die Erhdhung der

Trocknungstemperatur erh6ht den endgiitigen pH-Wert des impragnienen Holzes sowie die
Auslaugbarkeit von Kupfer und emiedrigt etwas die Auslaugbarkeit von Chrom, wahrend die
Auslaugbarkeit von Arsen unyera'ndert bleibt. Die Einwirkung der Temperatuir scheint nicht von
technischer Bedeutung zu sein, kann aber beim Herstellen von Material fur biologische Prufung
von Bedeutung sein. Die Dauer der NaCfuderung vor der Trocknung beeinflufit dieResultate
nicht. Die Anwesenheit von Alkalisulfaten in einigen Schutzmhteln beeinfluflt den pH-Wert
von unausgelaugtem Holz, jedoch nicht die Auslaugbarkeit der aktivea Elemente-Ĵ cr naturliche
pH-Wert des Holzes bestimmt wesentlich den endgiiltigen pH-Wejf ffiq 4,jf yus|ajj|b̂ rkeit.

*) This investigation is a part of the joint research programme on wood preservation of Boliden AB, Sweden and Rentokil
Ltd., U.K.
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Table 2
Changes in relative leaching with time after drying to 22% final moisture ratio

Relative leaching in % after varying length of storage after drying (days)
Trial
No

I
2
3
4
5
6
7
8
9
10
II
12

Cu

6.4
2.8
8.0
4-4
10.3
6.4
7.8
3-6
8-7
2.2
10.6
8.0

0

Cr

I.O
o-5
0.3
0.7
0-5
0.5
1-3
0.8
0.8
0.7
0.8
0.8

As

10.4
3-7
11.5
4-9
12.4
5-0
10.9
3-9
10.8
4-1
12.2

6-3

Cu

7-o
4-2
7.8
4-7
1 1.6
6-7
9-9
6.2
7-4
4-2
11.6
9-3

15

Cr

0.8
2.O
0.6
0.7
0.8
0-5
0.6
1-4
0.8
M
I.O
1.2

As

IO.2
4-3
IO.I
4-4
12.9
4-4
I2.I
5-7
11.9
5-7
11.8
6.6

Cu

7.0
4-o
8.0
4-7
9-3
7-3
7.6
4-4
9-7
6.0
12.9
8.0

60

Cr

I.O
0.9
.1
.2
.6
.2

.O
•3
.8
.0
.1
.2

As

10.5
4-4
IO.I
4-1
10.9
6.0
10.5
4-7
II.O
5-6
12.3
6-3

Cu

9-t
5-t
5-5
4-2
12.2
7-3
IO.I
5.1
9-1
6.0
8-7
8-9

120

Cr

1.6
1-3
0.6
1.0
I.O
I.O

1-9
1-4
1-9
1.6
0.8
0-9

As

1 1.8
4-6
6.9
3-3
13-5
6-5
IO.2
3-9
10.8
5-7
9-2
4.6

Cu

9-9
5-6
9-9
5-3
12.3
8.0
9-5
6.2
II.O
8.9
14.1
10.0

2OO

Cr

1-9
1-3
1.6
I.o
I.O
0.9
i.i
i.i
1.2
1-3
0.4
I.I

Ofi/C
A,fc

12.0
6.2
II.2
4-7
12.8
5-4
10.8
5-5
11.3
6-7
12.5
6.1

Table 3
Changes in relative leaching with time after drying to 32% final moisture ratio

Relative leaching in °0 after varying length of storage after drying (days)
Trial
No

13
14
15
16
17
18
19
20
21
22
23
24

Cu

7-7
3.8
9.0
4-7
IO.I6.9
7.8
4-4
8.2
6.0
11.8
9.6

o

Cr

•4
.6
•3
.0
•3
0.9
0.6
0.7
0.3
0.8
i.i
0.8

As

I2.I
4-5
11.4
4.0
12.6
5-8
II. 0
4-1
II. I
5-'
12.2
10.3

Cu

7.8
4-9
8.9
5-3
10.3
6.9
8.0
4-4
9-9
6-4
11.8
8-7

15

Cr

0.8
1.6
0.6
I.O

o-5
0.4
0-5
°-3
0.5
°-5
0.6
I.O

As

9.8
4-4
10.5
4-5
12.7
6.0
10.4
3-9
II.O
4-9
12.2
6.7

Cu

9-3
8.2
10.8
6.2
12.4
S.o
9-1
7-J
8.9
6.2

II.O
10.8

60

Cr

1.0
2.6
0.6
.0
.0
•3
•4
•3

o-5
I.O
1.0
0.9

As

9-7
6-5
10.3
5-2
14.2
11.7
10.8
5.6
10.6
5-2
10.9
6.4

Cu

6.9
4-4
10.4
7-1
7.8
6-7
9-1
7-3
9-9
7-1
13-1
5.8

120

Cr

2.6
0.9
0.5
0.8
0-5
0.8
0.8
0.9
I.O
0.9
I.O
0.4

As

16.4
4-4
10.5
4-6
II.2
6.2
9.24.1
11.4
6.2
11.7
5.6

Cu

13-1
7.8
16.5
7.8
13.1
8.7
10.4
6-9
15-6
11.3
20.9
9-1

200

Cr

0-3
0.5
O.2
0.2
O.I
0.4

0.3
0.4
0.2
0.7
0.2
0.4

As

11.74.19.8
3-2
11.5
5-2
9-7
3-5
"•5
5-2
17.0
4-9

Table 4
Variance analysis of the effect of drying conditions on pH and Cu relative leachability of CCA treated pine

sapwood 200 days after drying

Source of variation

Between levels of factor:
A, drying temperature . .

C, length of wet fixation .
D, final moisture ratio . .
Interactions: AB ....

AC ....
AD ....
BC ....
BD ....
CD ....

3- and 4-factor interactions

Degrees
of

freedom

2
I
I
I
2
2
2
I
I
I
9

Mean
square

0.20366
1.06260
0.00844
0.19984
0.00003
0.00473
0.02267
0.00400
o.oooio
0.00006
0.00425

pH

Variance
ratio

47-9
250
1.99

47-0
0
I. II
5-33
0.94
O
0

Significance1)

***
***
o***
o
0
**
o
0
o

(
Mean
square

22.956
153.521
10.534
38.761
2.128
7-787
3.306
0.260
9-753
0.093
3-175

Cu leachability

Variance
ratio

7-23.6 .

3-32
12.2
0.67
2.45
1.04
0.08
3.07
0.03

Significance1)

**
***
o***
o
0
o
o
o
o

*** highly significant, that is F 3* i °o value
** *ii*Pt» significant, that is F > 5% value, but < 1%
* possibly significant, that is F > IO°Q value, but < 5% value
o not significant, that is F < io?0 value * D I f"| H H O 1")

The drying rates were chosen so as to correspond .Puri'"iB1the dT""8 period thf ?asks •*ere.fittei* wilh cô t, . . • , j.- . , with » hole to allow a controlled evaporation of water. Theroughly to technical conditions at the actual tempera- drying was checked by wdghing ̂  £orking day. Each timc
tures. the sawdust was mixed and pressed. If necessary the weight
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dependant than at 22%. As could be expected from With drying at 20° C to 32% moisture ratio a peak in
the chemical composition and the earlier investigations As leachability was observed, which corresponds to
in Pt. I, Celcure AP gives throughout higher pH the peak in Cr leachability mentioned above. No cor-
values than Boliden "£33. If we compare with the pH relation could be obtained between pH and As leach-
studies on pine without drying in Pi. I, only a slight ability. The choice of preservative is the only signi-
uniform decrease in pH with time was expected. Note ficant factor. The average relative As leachability is
the difference in starting point between Table i and in n.8% for Boliden K33 and 5.1% for Celcure AP.
Pt. I. With other wood species the pH behaviour can This is explained by the greater chrome excess in the
be different. latter case. A r >; r. i»

3.2 Effect on leachability 3.3 Remarks (Red
The fluctuations with time in Cr leachability are . The resu}ts Presented show that conversion reac-

mainly within the limits of the analytical and expcri- *°°* <** *? Place at. *** bcl?w the fiber saturation
mental errors. There are no significant differences in P°lnt' "ow far the moisture ratio can be decreased for
relative Cr leachability between the two preservatives. *°. stl11 to .occur 1S n?r known « Prescnt- At 7%
Storage at 22% final moisture ratio gives a highly mmsture ratio no reactions take place. The limit is
significant higher Cr leaching than at 32% moisture *hus somewhere between 7 and 22<>/t, moisture ratio.
ratio. The effect of drying temperature and interaction From_,a physical pomt of view conversion reactions are
between preservative and the length of wet fixation are P°ssib!e as Ion8 as th<Lm°*sture ratl? .1S mgh enouih.to
significant. With drying at 20= C to 32% moisture ratio allow I0n ?a°sP°«- w«hin a transition range the ion
a peak in Cr leachability was observed with both *fansP?rt ».suPP°?ed to bc gradually rendered more
preservatives, but it occurred at an earlier stage with dlf£cu.h at dccr<fsm| moisture ratio There is reason
Celcure AP to be"eve that the observed higher Cr leachability at
There is a general tendency that the Cu leachability 22% ^zl moisture ratio depends on incomplete con-

fluctuates rather much during drying. With the as- version reacuoi« ««»ed by hindrance of the ion
sumption that the relative leaching, when the reactions «nsp°« below the fiber saturation point.
have ceased, is proportional to a power of the proton „ A, de(rrea" m drvm8 temperature gives a decrease in
activity we obtain Cu leachabihty and a minor increase m Cr leachability,

lo = a — b • x IE 2} while As leachability is not affected. The effects on the
. . 1 4 - 1 leachability of the drying temperature and other

where y = the relative leaching in % process conditions studied are considered in most
x = the pH value cases not to be of a magnitude of technical importance.
a and b are constants. when preparing material for field, green-house and

Applying this equation to the pH and Cu leachability other biological testing the differences can be of a
data after 200 days storage in the tables I—3, a re- certain importance. In these cases there may be reason
gression analysis gives to specify the drying conditions ito correspond to
a = 3.01 std. error 0.20; b = 0.48 std. error 0.05; conditions in practice. A too rapid drying of specimens
multiple correlation = 0.907; significance >99%. °f sma^ dimensions may inhibit the fixation reactions
The corresponding curve and actual data are plotted at too early a stage or render them considerably more

in Figure i. The leachability of Cu.is significantly difficult. The effect of storage and drying conditions of
decreasing with increasing pH after 200 days storage, other wood species on leachability can be different
The Cu leachability significantly increases with in- from that of pine.
creasing drying temperature. After 200 days storage the It is advisable to protect treated timber from rainfall
Cu leachability is higher than immediately after drying, during the main precipitation fixation period. The
as could be expected from the pH data. length of the period is given by the time for the first

pH peak when treating sawdust of the actual wood
20 T-^——-—|—————,—————| species at actual temperature with actual preservative

and preservative concentration. If unprotected a loss
of preservative in the surface layer of the timber can
occur. In treated umber dried in open air or in driers
to a moisture ratio of its final use the lack of com-
pleteness of the conversion reactions may in most
cases be neglected. As regards leachability open air
drying offers some advantage to forced drying. This
may be considered for preserved timber subject to
severe leaching conditions as in cooling towers and for
marine use.

4. Leachability and pH course during
*" *-g »H *'s s-° fixation of CCA preservative© inrjdiftê cat

Fig. i. Relative leaching of Cu in pine sapwood versus pH. wood specief* •» • U U U O 1
200 days storage at 20° C after drying. Thg pH „,„„,. during fixation of different CCA preser-

A Boliden K33, 22% final moisture ratio vttives in pine and spruce was described in Pt. I. Using the
A Boliden £.33, 32 "„ final moisture ratio same technique the study has been extended to cover some
O Celcure AP, 22 "„ final moisture ratio other wood species of technical importance from different
• Celcure AP, 32^ final moisture ratio pans of the world. The pH was followed at 2O°C up to 200

o
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Let us now consider the change of pH in wood We use the pH data after 200 days wet fixation, 10
JpH - PH (200 days) - pH (untreated wood). [Eq. 3] days dT?™Z and ratting given in Table 7 and carry

out a variance analysis. The results are given in Table
8. All main effects and two-factor interactions are
statistically highly significant. The three-factor inter-
action mean square, which is taken to give an estimate

3.0

z.M—i—i • .I....,—,—rn~,————T-T—r-̂ -,—,——̂  2.s:
.05 .1 .51 S 10 SO 100 SOO 1000 5000 .05 .1 .51 S 10 SO 100 $00 1000 5000

FIXATION TIHE, HOURS FIXATION TIHE, HOURS

Fig. 7. pH course during fixation at 20° C — Douglas fir Fig. 8. pH course during fixatipn at 20° C — Ponderosa pine

Table 7
Sawdust leachability test and pH after wet fixation of different wood species treated with CCA preservatives.

In each trial 6 g sawdust on oven dry basis -f 8 ml preservative solution

XTood species

Pine Sweden

Spruce Sweden

Larch
Austria

Beech
Sweden

Radiata pine
Mew Zealand

pHof
wood

4.10

4-49

4-32

5-57

4.28

Preservative

Boliden K 33

Celcure AP

Celcure AP 2

Tanalith C

Boliden K33

Celcure AP

Celcure AP2

Tanalith C

Boliden K 33

Celcure AP

Celcure AP2

Tanalith C

Boliden KSS

Celcure AP

Celcure AP2

Tanalith C

Boliden KSS

Celcure AP
Celcure AP2

Tanalith C

O'.0

2
4
2-5
5
2
4
2-5
5

2
4
2-5
5
2
4
2-5
S
2
4
2-5
5
2
4
2-5
5

2
4
2-5
5
2
4
2-5
5
2
4
2-5
5
2
4
2.5
5

pH after
200 days of
wet fixation
at 20° C

4.00
4-15
4.40
5.50
4-47
6.10
5.25
6.30

4.90
5.20
5.30
6.00
5-65
6.15
5-55
6.2O

4.52
4-65
5.25
5.60
5-75
6.10
5.12
540

5.20
5.20
6.05
6.10
6.50
6.65
642
6.60

4-52
4.70
5-17
5-45
5-45
5.90
5-05
5.48

pH after drying 10 days
at room temp, in open air

and rewetting
to original weight

4.10
4-28
4-53
5-60
4.62
6.15
5-37
6.35

5.00
5.25
5.40
6.10
5.70
6.23
5.62
6.25

4-55
4-72
5.30
5.70
5.82
6.18
5.18
5-42

542
5-38
6.2O
6.306.556.82
6-55
6.80

445
4-65
5-17
5-45
540
5.98
5.10
5-63

Relative leaching in %

Cu

II.2
8-3
1.2
3-2
7-7
1.2
5-9
I.O

2.1
1.8
8.0
1.6
I.o
I.I
1-3
0.8

2-9
1-7
1.6
2.O
1.8
1-5
4-5
1-9
0.6
o-5
0.7
0.7
o-7
0-3

0-4
5Im
1.2-
2.1
1-3
2.2
1.2

Cr

1-3
0.9
0.9
1.2
1-7
i.i
4.0
0.7

0.5
0.6
1-4
0.6
0.5
0.6
0.8
o-3
1.6
0.8
I.o
I.I
1-3
o-9
3-2
0.9

0.5
O.2
04
O.2
0-3
o-3
O.2
O.2

1.6

tfSo0*9
1.3
0.9
1.0
o-5

As

15-3
8.5
II. 2

4-5
8.6
4-8
5-0
1.8

14.1
12.9
6.9
6-9
18.8
2-4
2.5
1-5
10.7
7-2
3.0
2-9
3.0
6.5
2.3

10.3
5-6
I.I
0.7
I.O
o-5
O.2
O.2

I2.O

$-4
4-0
4-4
2-9
1-7
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to 2 and 4% Boliden "£.33 solutions, washed and ana- Boliden K.33, Celcure AP, Tanalith C and Celcure
lyzed as described in Pt. II. We find that most of the AP2.
species fix about 0.10% Cu, beech about 0.20% and The only difference in composition between Celcure
eucalyptus and southern yellow pine about 0.13%. AP and Celcure AP2 is the presence of some sodium
Boliden K33 gives throughout the lowest final pH, sulfate in the former one and its absence in the latter
while the ranking of the others as to the final pH varies one. To illustrate the effect of the sodium sulfate on
with the wood species. On the average the ranking is: the final pH we carry out a variance analysis as above,

but consider only these two preservatives. The results
are given in Table 1 1. The three-factor interaction mean

Table 10 square corresponds to a standard error in a single
Ion-exchange fixation of copper in different wood

'I8 r u c n c 0 r « , « « i n " B l 4 K a Variance analysis of thdifference betweenA«Cu cone, corresponding to a 2°, Bohden K33 ^ and Celcuyre ̂  that i$ the ejfect o{ sodium

B =Cu con, corresponding^ a 4% Boliden K33 '"̂ t̂Vê ^̂

Wood species

Pine, Sweden .......

Larch, Austria .......

Radiata pine, Mew Zealand . .
Eucalyptus, Corsica .....
Southern yellow pine, USA .
Douglas fir, USA ......
Ponderosa pine, USA ....

Ion-exchange fixed em,,~ «f

-KJVMf S3?
A

O.IO
o.io
O.IO
0.19
O.I I
0.13
0.13
0.09
0.09

Between levels of :
o j A, preservative
' - B, concentration
' C, wood species
' o Interactions AB

M • T AC

OH BC• 2 Remainder =
o'* interaction ABC

Degrees
of

freedom

i
i
8
I
8
8

8

2)pH

Mean
square

1.2996
1.7601
0.8846
0.0441
0.0140
0-1355
0.0181

Variance
ratio

72
97
49
2.44
0.77
748

Signi-
ficance1)

***
***
***
o
o
***

0'°9 1) Legend see Table 4

Table 12
Variance analysis of the effect on the relative leachability by preservative, preservative concentration

and wood species

Source
of

variation

Between levels of :
A, preservative
B, concentration
C, wood species
Interactions AB

AC
BC

Remainder —
interaction ABC

Degrees
of

freedom

3
I
8
3
24
8

24

Cu leachability

Mean
square

23.018
39-i6i
18.409
0.758
4-33°
1.798

2416

Variance
ratio

9-53
16.2
7.62
0.31
1.79
0-74

—

Signif-
icance1)

***
***
***
o*
o

Cr leachability

Mean
square

0.620
6.125
2414
1.141
0.215
0.899

0.255

Variance
ratio

243
24.0
9-47
4-47
0.84
3-53
—

Signif-
icance1)

*
***
***
**
o***

As leachability

Mean
square

155.407
566.722
92.626
11.592
8.729
63.317
8.763

Variance
ratio

17.7
65
10.6
1.32
I.OO7.23
—

Signif-
icance1)

***
***
***
o
o
***

*} Legend see Table 4

Table 13
Variance analysis of the difference between Celcure AP and Celcure AP2, that is the effect of sodium sulfate,

on the relative leachability

Source
of

variation

Between levels of:
A, preservative
B, concentration
C, wood species
Interactions AB

AC
BC

Remainder =
interaction ABC

Degrees
of

freedom

I
I
8
I
8
8

8

Cu leachability

Mean
square

2.151
H-335
4.481
0.027
2-378
1.195

3-651

Variance
ratio

0.59
3.10
1.23
O.OI
0.66
0.33

—

Signif-
icance1)

0
o
0
o
0
o

Cr leachability

Mean
square

0.007
0.563
0.780
O.O22
O.O6 1
O.I5I

0.098

Variance
ratio

0.71
5-74
7.96
O.22
O.62
1-54

—

Signif-
icance1)

O**
***
o
0
0

As leachability

Mean
square

4.840
211.218
48.31?!
17-08?*
2.326
31.624

8-452

Variance
ratio

0-57

RiSC
0.28
3-74

—

Signif-
icance1)

o***

033
o
**

*) Legend see Table 4
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Ponderosa pine, but at the higher concentration level
the As leachability is about the same as for most of the
other wood species.
Southern yellow pine shows a similar behaviour

although less extreme. Douglas fir data at the lower
concentration level fit the As regression curves badly.
Here some additional factor must contribute con-
siderably. No explanation can be given at present.
Unexpectedly, 2.5% Tanalith C gives the highest As
leachability of all CCA:s in Douglas fir. Beech shows
the lowest As leachability of all wood species in-
vestigated. This is understandable as it has the highest
natural pH and thus the highest final of pH all wood
species, in spite of its higher ion-exchange fixation of
Cu, which decreases the chrome excess. We must here
consider the possibility that after the actual fixation
time of 200 days, in some wood species the conversion
reactions may have virtually ceased and in others not.

**H The anatomy of a wood species may affect the transport
Fig. 9. Relative leaching of Cu according to regression analysis of reacting ions at the conversion reactions, rendering

of data in Table 7 jt easier in some cases and more difficult in other cases.________ imu..
M " " " " ' '————* - Comments (Re

The effect of the relative proportions of Cu, Cr and

.5

\ V
\
\\

3

\\

——— iOlid«n K33
——— Celcurc AP

Celcure AP2
C

»»10 "—— -^ jS~ _——————— As on their leachability has been studied by a number
of authors, e. g. Fahlstrom et al. (1967), Henry and
Jeroski (1967), Ha'ger (1969) and Smith and

• « ; '\\ "\ Williams (1973). Indications were given by Ha'ger
(1969) that during storage of CCA treated pine slow
reactions took place influencing the leachability of the

\ \ active elements. Thc present series of investigations
is capable of explaining a number of phenomena

1 • — un.nth c -v-——— observed in the papers mentioned above. For future-
\ development work it shows the necessity that the

.5 • .... i . . . . t . . . . i . . . . .,..;•.,.., conversion reactions taking place during storage must
4 5 fH s 7 be taken into consideration. The most important

factors determining the leachability of CCA treated
Fig. 10. Relative leaching of As according to regression wood seem t fee h concentration j^d type of prc-

analysis of data in Table 7 . ... . .- - . ,servative, the drying and storage conditions and the
choise of wood species. Important wood properties

AP2 and Tanalith C, while Boliden K33 gave a lower are the ion-exchange fixation capacity of Cu, the
correlation and a low significance. The regression natural pH, the chemical composition and the anatomy.
curves are given in Figure 10. The parallel shift be- Fixation and leachability are indeed of a complex
tween Celcure AP and Celcure AP2, as a consequence nature. It is the author's expectation that this series of
of the sodium sulfate effect on pH, is evident. investigations may act as a useful basis for future

research on CCA preservatives.
4.4 Remarks

The Boliden K33 curve for As leachability has quite ^̂  6> ACkn°Mle?!!?"nr
a different slope than the curves for the other pre- carricdCout the experiments', toMrfllans /..._..... _ _
servatives although partly within the same area. The the computer work and to M*r. GostaLagerstrom'for valuable
dissimilar character of the As leaching curves indicates discussions about statistical methods. Their great interest and
that there can be a difference between Boliden K33 <*reful work were greatly appreciated. In the interpretation of
and the other CCA: s as regards the composition of Ŝ bÊ DT wLsloŵ . SSfortKfuruTe"
the arsenic compounds after storage. As Boliden K33 States. Dr. Hartford's contributions were most valuable and
has a lower chrome excess than the others, the con- appreciated.
version of the primarily formed arsenates is less
favoured and may be incomplete. If this is true, the References
arsenates formed with Boliden K33 arc the less leachable Dahlgren, S.-E. and W. H. Hartf o*d., iWfJ&gj ,«"",
ones below PH about 4.5, while above this pH value T o e a ^ ^
the arsenates formed with the other CCA:s are the Fixation of Boliden K33- Pt. III. Fixation of Tanalith C
less leachable ones. In this context the poor signifi- and composition of different preservatives. Holzforschung
cance of the Boliden K33 curve must be considered. 26, 62— 69, 105— 1 13 and 142— 149.
At the lower concentration level all four preservatives ^V^
show very high As leachability in Douglas fir and Pres. Ass. 109 — 128.


